ACTIVE ANAPHYLAXIS TO A FOREIGN PROTEIN INDUCED IN MICE BY THE TRANSFER OF TISSUE FROM ANIMALS PREVIOUSLY INJECTED WITH THE PROTEIN by McMaster, Philip D. et al.
ACTIVE  ANAPHYLAXIS  TO  A  FOREIGN  PROTEIN  INDUCED 
IN  MICE  BY THE TRANSFER  OF TISSUE  FROM  ANIMALS 
PREVIOUSLY"  INJECTED  WITH  THE  PROTEIN 
BY PHILIP  D. McMASTER, M.D.,  JOSHUA L.  EDWARDS, M.D.,  axv 
ERNEST STURM 
(From the Laboratories  of The Rockefell~ Institute  for Medical  Research) 
(Received for publication, March 1, 1955) 
It is widely believed that foreign protein antigens injected into animals are 
soon destroyed or eliminated from the body. This belief has gained acceptance 
because the serological tests in general use, carried out soon after circulating 
antibodies make  their appearance,  fail to detect the introduced antigens,  in 
either  the  blood  or  tissues.  Nevertheless,  recent  work  from  this  laboratory 
(1-3) has yielded observations at variance with this view. They indicate that, 
following intravenous injections of a  foreign protein, bovine y-globulin, into 
mice (1) and rabbits  (2), antigenic material of some sort apparently persists 
in the animals for periods far longer than has generally been supposed, indeed 
for 8  and  14 weeks, in  the blood and livers respectively of mice, and for as 
long as 4  to 6 weeks in the blood and for 8 weeks in the livers of rabbits. 
These findings were not obtained by the use of serological techniques.  Instead, bo- 
vine ~,-globulin, injected into the circulation of animals  days or weeks in advance, 
was later sought in their tissues or blood  by transferring these  materials  from the 
injected (donor)  animals  to the peritoneal cavities of normal (recipient)  mice. Two 
days later the recipients,  under pentobarbital anesthesia,  were challenged  by intra- 
venous injections  of strong anti-bovine T-globulin  rabbit serum.  During  the  chal- 
lenge the recipient mice, which had become sensitized  to the bovine T-globulin per- 
slating in the transferred materials, showed certain specific signs of reversed passive 
anaphylaxis, consisting  of changes  in the minute blood  vessels of the ear,  termed 
ear vascular  reactions (3) or EV11.  ~ These could be seen only under the microscope, 
and consequently the observer had to make a subjective decision as to their occur- 
rence (1, 3). This undesirable  feature of the test was overcome in more recent work 
(2) in  which  the recipient mice were  challenged  without anesthesia  and in such a 
way  that  certain gross  physical signs  of reversed  passive  anaphylactic shock ap- 
peared. These signs could be seen and judged by several  observers,  a circumstance 
which rendered the detection test more objective than it had previously been. 
Since the apparent persistence of the antigen,  bovine ~,-globulin,  as  indi- 
cated by the "mouse transfer test" just described, is so much longer than that 
1  EVR, ear vascular reactions. 
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found by serological means, one may well ask: Does the transfer test disclose 
the persistence of the actual antigen,  as such,  or only the transfer of an in- 
complete  or  partially  degraded  antigen,  still  capable  of  reacting  with  the 
challenging antisera to yield reversed passive anaphylaxis but unable to stimu- 
late antibody formation or to react with antibody in precipitin or other sero- 
logical tests. 
It seemed likely that  something might be  learned about the  state  of the 
antigenic material persisting in the tissues of the donor mice or rabbits if the 
transfer  of  these  tissues  to  the  recipient mice  could  be  made  in  sufficient 
quantities or in such a  way that the animals--instead of exhibiting reversed 
passive anaphylaxis when challenged with  antiserum--could be thrown into 
active anaphylactic shock when challenged with  the same antigen originally 
given to the donors. The phenomenon, if it appeared, would indicate that the 
antigen injected into the donors must have persisted in the materials trans- 
ferred to the recipients in  such a  form that it was able to engender, in the 
latter, specific antibodies capable of reacting, upon challenge with the original 
antigen. 
PRELragrN'ARY  TESTS 
Previous  attempts  in  this  laboratory to  obtain  signs  of active anaphylaxis  in 
recipient mice by single intraperitoneal transfers of tissues  presumably containing 
antigen,  have failed,  probably because  the  amount of tissue  transferred,  only 1/~ 
gm., was  too small  to contain enough  antigen to produce active anaphylactic sen- 
sitization.  It seemed wise therefore to determine, first,  whether the recipient mice 
could  tolerate the introduction of more tissue,  by several  transfers made within a 
few days, and next, whether this procedure would  render the animals  sensitive  to 
active anaphylactic shock. 
It was recognized at the outset that attempts to elicit active anaphylactic shock 
by giving  a  challenging  injection of antigen  to  recipient mice  that  had  received 
several transfers of material from donor animals  should  be carried out only if it 
was already known, at the time of transfer, that the materials  used  contained no 
antibody, which, if it persisted  in the recipient mice, might react with the challeng- 
ing  antigen.  Prior to performing  the experiments  reported below, this state of af- 
fairs was determined,  as fully described  in preceding  papers (1, 2), by transferring 
the materials  to be used to recipient mice some of which were normal animals  and 
others, for reasons  to appear below, deprived of one adrenal gland.  Two days later 
these recipients  were tested for the presence  of transferred antibody by a  challeng- 
ing  intravenous injection of antigen.  Only those materials  were subsequently used 
which yielded negative findings showing, thereby, that either no antibody was present 
or that, if present, there was not enough to elicit EVR or the objective signs of pas- 
sive  anaphylaxis.  Under these  circumstances,  positive reactions  in  the  tests to be 
outlined below could not be ascribed  to the presence of passively  transferred anti- 
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The  Induction  of Active  Anaphylactic  Shock  in  Recipient  Mice,  Instead  of 
Reversed Passive Anaphylcxis, to Detect Antigen Perisisting 
in Materials Transferred to tke Animals 
The  tolerance of mice to  repeated  ints~peritoneal transfers  of tissue or se- 
rum was first tested, and next means were developed to increase the sensitiv- 
ity of recipient mice, so treated,  to active anaphylaxis. 
Metkods.--Most of the techniques employed  in these and in subsequent experiments 
outlined in this  paper have been fully  described already (i, 2). Only a few points require 
mention in this  place.  The transfers  of tissues  or blood from donor animals to recipients  were 
all  carried  out in the same way, using only mice of the Rockefeller Institute  strain,  except as 
specifically  mentioned below. Liver tissue  from the donors was ground with 0.9 per cent 
sodium chloride  solution  in TenBroeck grinders,  using the precautions already outlined (2). 
In all  instances,  either  0.5  ml. of  serum, or  0.8 to  0.9 ml. of  liver  suspension containing 0.5  gin. 
of ground tissue, was injected with aseptic technique into the peritoneal cavities of the re- 
cipients. In most of the experiments the animals received several such transfers, consequently 
fresh liver tissue or serum could not always be transferred. Instead, the materials were kept 
frozen at --00°C. until subsequently used, when they were thawed and ground with all the 
precautions already outlined (2).  For reasons that will be fully discussed  below, certain ad- 
juvants were frequently given with the liver or serum, and prior to the transfers n~ny of 
the animals were subjected, under ether anesthesia, to the removal of one adrenal gland, or 
occasionally of both, as performed in the previous work (2). 
Eighteen to 21 days after the last transfer--or after the first on the rare occasions when 
only one was given--each recipient was tested for the development of active anaphylactic 
sensitivity to the antigen that might have been present in the transferred materials, by giving 
a challenging intravenous injection of 0.1 ml. per 30 gin. of body weight, of the same 7 per 
cent solution of the antigen, bovine V-giobulin, that had been used to inject the donor ani- 
mals. HAlf of the mice were challenged under pentobarbital anesthesia to elicit the anaphy- 
lactic reactions  of  the  smaller blood  vessels  in the  ears,  the  EVR,  and  the  remainder, 
without anesthesia, to bring out the objective signs of anaphylaxis, already fully described 
(2). The signs of active anaphylaxis seen in these mice were, in all respects, like those which 
occur in reversed passive anaphyla~ (2). 
Controls.--In all the experiments---except the first to be described below,  which was in 
itself a  control undertaking--2 types of control tests were carried out. First, half the mice 
receiving the materials to be tested for antigen, most of them deprived of one adrenal, the 
others intact, were challenged at the usual time by an intravenous injection of a non-specific 
protein solution, 7 per cent h,  rnau albumln. Next, at the time of the transfers,  other mice 
were given liver  tissue  from normal animals and--adrenalectomized or not as conditions de- 
manded-the  recipients  were challenged with the same solution  given to the test  mice, that 
is  to  say 7 per  cent  bovine  v-globulin.  In all  instances  half  the  control  animals were challenged 
under anesthesia and half without anesthesia.  Since only experiments in which all controls 
were negative have been reported, save one test  especially  mentioned later,  further mention 
of the controls  will  be made only occasionally  for emphasis, 
Recipient Mice Tolerate Repeated Intraperitou~ Injections of Ground Li~cr.--Ten mice 
were twice injected intraperitoneally, at 48 hour intervals, with a suspension of normal mouse 
liver. Ten other mice received three similar transfers, the first and second 48 hours apart and 
the third 72 hours after the second. During the following 19 days, all of the mice given 2 in- 
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and 2 had died. Clearly the mice tolerated the multiple injections fairly well. Nineteen days 
after the last injection, the 18 survivors, apparently in excellent health, were challenged with 
a 7 per cent bovine 3,-globulin solution, half under ether anesthesia and half without anesthe- 
sia. Neither EVR nor any of the gross objective signs of anaphylaxis appeared. 
Mild Actgve Anapkylaxis  Appears  in  Re.ipient  M#,e  Given Multiple  Transfers of Liver 
Presumably Containing Antigen.--Next,  giver tissue, from donor  mice that  had  been  in- 
jected intravenously with 5 rag. of bovine ~/-globulin a month before, was transferred to 10 
recipient mice. Two days later, when these were challenged with antigen, to detect the pres- 
ence of antibody as atready described (1,  2),  all showed  negative reactions, indicating that 
the llver tissue contained no detectable amount of antibody. Accordingly,  at 48 hour in- 
tervals, the same pooled giver  tissue was transferred twice to 10 recipient mice, and 3 times 
to another  10 animals.  Eighteen days after the last transfer, these mice were  challenged 
in the usual way. 
About half of the animals that got 2  transfers of liver and about two-thirds 
of  those  with  3  transfers  showed  moderate  or  weak  positive signs of active 
anaphylaxis. The reactions were not as strong as those obtained in the earlier 
work  (I)  in which materials, taken from donor mice, also injected with anti- 
gen I  month previously, were transferred to recipients challenged, only 2 days 
later,  with  antiserum for  the  detection of the  signs of reversed  passive ana- 
phylaxis. 
Nevertheless,  the  appearance  of  the  positive findings  was  sufficiently en- 
couraging  to make  it seem worth while, before going further with  the work, 
to  devise  means  to  increase  the  sensitivity of  the  recipient  mice  to  active 
anaphylaxis.  Two  means,  singly  or  in  combination,  were  successfully  used, 
as will now be described. 
The Adjuvant Effect  of Hemophilus  pertussis  Vaccine  upon Active  Anaphylaxis.-- 
Recently the works of Parfentiev and Goodline (4-8), Kind and Parfentiev (9--10), 
Pittman  (11-14), Munoz, Schuchardt,  and  Verwey (15),  and  especially the  papers 
of Malkiel and Hargis  (16-21)  with Feinberg (22)  have demonstrated an increased 
sensitivity to active anaphylactic or to histamine shock occurring in mice and rats 
previously injected with killed H.  pertu,sis  organisms.  These  reports suggested the 
possibility that the recipient mice might be rendered more sensitive for the detection 
tests  used  in  this laboratory if  they  could  tolerate combined injections of ground 
tissue with  the  tl.  pertussis  vaccine  as  an  adjuvant.  Preliminary tests showed  this 
to be the case. 
Mice of 20 to 30 gm. body weight were injected intraperitoneally three times, at inter- 
vals of 48 to 72 hours, with a  suspension  of liver tissue obtained from normal mice, each 
injection containing 0.5 gm.  of liver tissue together with H. p~tt~.~si, vaccine, Phase I, in 
doses varying from  5 million to 8750 million organisms,  the latter dosage being that em- 
ployed by Malkid (16-22), but without the addition of Uver. The largest dosage of H. per- 
tu,  s/s vat,  in* when combined with the liver rendered  many of the animals ill, and about 20 
per cent died after the second injection. Neverthdess, when given 5000 miUion killed organ- 
isms and 0.5 gm. of giver, practicaaly all the animals survived although after each injection 
they appeared ill for a few hours.  Eighteen to 20 days after the last injection, at which time 
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Next, 30 mice were each injected with 5 mg. of bovine T-globulin. The livers were taken 
from half of the animals after 3 weeks, and from the remainder after 6 weeks. Pooled sam- 
ples from the 2 sorts of material, tested in the usual way, gave no reactions indicating the 
transference of antibody. Accordingly s  suspension made from all of the livers taken from 
the donors, injected 3 weeks previously, was transferred 3 times, at 72 hour intervals,  to 
20 normal recipient mice. Ten of these got only the liver suspension, but each of the re- 
mainder received the suspension together with 0.1 mi. of the pertu~-/s vaccine containing 
5 billion killed organisms. Twenty other recipient mice were injected in the same way with 
the material  taken from the donor mice injected with antigen 6 weeks previously. All of 
the recipient animals were allowed to rest for 18 to 20 days after the last injection in order 
to acquire anaphylactic sensitivity to any antigen that might be present in the transferred 
suspensions.  They were then  challenged with the  usual  injections  of  antigen solution, 
employing, however, only anesthetized animals, to look for the appearance of the EVR of 
active anaphyiaxis. A few of the animals that received only liver showed, when challenged, 
weakly positive EVR. The animals that got both liver and 1#¢r~/.v vaccine showed strong 
EVR. The reactions of the recipients were stronger in those that got liver from donors 3 weeks 
after the iatter were injected  with antigen than in those that received liver from donors 
injected 6 weeks previously. 
Clearly the repeated injections of liver, containing only minute amounts of 
antigen, sufficed to elicit the vascular signs of mild active anaphylactic shock. 
Further, the ~ert~sis vaccine added to the  liver exerted  a  strong  adjuvant 
effect. 
Adrenal~tomy and Increased Sensilinily of Re~'ipi~ Mice to Active Anaphylacgc Shock. 
--In a previous paper (2) mention was made of the work of others (23-33) which has shown 
that  adrenalectomy  enhances the sensitivity  of mice and other  animals  to anaphylactic 
shock. In that paper  (2)  it was shown further that adrenalectomized recipient test mice, 
given blood or tissues from donor animals previously injected with antigen, were far more 
sensitive than intact recipients to the reversed passive anaphyiaxls  that occurred during 
the detection tests when the recipient animals were challenged with antiserum.  Moreover, 
recipient mice deprived of only one adrenal, withstood the transfers better than bilaterally 
adrenalectomized mice and showed almost as great  an increase in sensitivity  to reversed 
passive anaphylaxls. 
From these findings it seemed logical to infer that susceptibility to active anaphylaxls 
in mice might be enhanced by removal of the adrenals either before or after making several 
transfers of tissue. Accordingly in preliminary tests, liver from nornml mice was transferred 
twice, but without pert~ss/s vaccine, to 21 normal recipient mice at 48 hour intervals. An- 
other 21 recipients got liver tissue from donor mice injected with bovine y-globulin, in the 
usual amounts, a month previously. This tissue had already been found free from detectable 
amounts of antibody. These animals, too, received no pff~uss/s vaccine. Two weeks after the 
second transfer, one-third of the recipient mice were bilaterally adrenalectomized, one-third 
were deprived of only one adrenal, and the remainder were left intact. At various intervals, 
from 2 to 7 days after the operation (4 to 5 days appearing to be best), all were challenged 
by intravenous injections of antigen; half of the animals under anesthesia and half without 
anesthesia. 
The animals which received normal liver showed no signs of anaphylaxis. 
By contrast, indubitably positive EVR and also gross physical signs of active 
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from the donor mice injected with bovine q-globulin. The reactions of the bi- 
laterally adrenalectomized mice were more severe than those of the mice de- 
prived  of only one adrenal, and the reactions of the latter were more severe 
than those of the intact mice. However, some of the mice, deprived of both 
adrenals and some deprived of only one--and regardless of whether they had 
received liver from normal  donors or not--showed  the peculiar non-specific 
circulatory collapse mentioned in a  preceding paper (2). Clearly the test ani- 
mals could not tolerate 2 transfers of tissue and adrenalectomy and also chal- 
lenge. Further tests of this sort were abandoned. 
The Effects  of Adrenalectomy Prior to  Tran~fer.--It seemed wise next to try the 
effects of reversing the procedures;  that is to say, to determine whether or not mice, 
deprived of one or even both adrenals,  could tolerate subsequent transfers of liver 
tissue  or serum shortly after the operation, so that the full effect of adrenal lack 
might be present during the period of sensitization.  Under these circumstances,  the 
subsequent challenge would  take place  after the animals  had fully recovered from 
the procedures,  and as usual,  at a  time when they would be at the height of their 
sensitivity to active anaphylaxis,  a period already shown by earlier  work from this 
laboratory (3) and by others (16-22)  (28, 34-36)  to occur about 16 to 25 days after 
sensitization. 
To  test  the point,  a series  of  experiments,  which  need  not  be fully detailed,  were  conducted 
in the following  way. Normal mice were deprived of one adrenal,  or occasionally  of  both, 
and 2 to 8 days later--the  4th or 5th days were found to  be best--liver  tissue  from other 
normal  mice  was  transferred  to  the  adrenalectomized  animals,  either  2 or  3 times,  at  72  hour 
intervals.  As in the preceding  tests  liver  tissue,  taken from donor mice injected  a month 
bdore  with  bovine  v-globulin,  was  also  transferred  to  other  similarly  treated  recipients.  The 
tissue  had of course  been tested  and shown to contain  no detectable  traces  of antibody. 
Nineteen to 21 days after  the second transfer,  all  the  recipients  were challenged  with anti- 
gen,  half  under anesthesia  (the  EVR  test)  and  half  without anesthesia,  to  look  for  the  gross 
signs  of  active  anaphylaxis. 
It is of interest that, during the progress of the work, Dews and Code (31) reported a 
greater  sensitivity  appearing  in  mice  injected  with  antigen  following  adrenalectomy than in 
animals  first  sensitized  and then adrenalectomized. 
Definitive results were obtained with the mice from which only one adrenal 
had been removed. The anlm~ls  which received normal liver behaved  after 
challenge like normal mice which were also challenged at the same time, as 
controls, whereas more than half of those that got either 2  or 3  transfers of 
liver from antigen-injected donors, showed both positive EVR  and positive 
gross signs of active anaphylaxis. The animals with 3 transfers gave stronger 
reactions, as a rule, than those that got only 2 transfers. 
By contrast, the findings with the bilaterally adrenalectomlzed mice were 
disappointing.  Again,  such  animals  did  not  seem  capable  of  tolerating  the 
rigors of the procedure, and all further attempts to use bilaterally adrenalecto- 
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The Effect of Unilateral  Adrenalectomy  Combined with Injections of tL per- 
tussis Vaccine.--Next,  it seemed desirable to find out whether the combined 
effect of unilateral adrenalectomy and the administration of H. pertussis vac- 
cine would serve to increase still further the sensitivity of recipient mice to 
active anaphylaxis, engendered by the transfer of antigen-containing tissues. 
Preliminary tests, so much like  those  already described that they need  not be 
detailed,  showed that the recipient  mice, deprived  of one adrenal,  tolerated  2  or 
even 3 transfers  of liver tissue from normal mice, or from donors injected  a month 
or 6 weeks previously  with bovine v-globulin,  even  when  the tissue was  injected 
together with 0.1  ml. of pertu.~sis vaccine containing  5000 mill{on organisms with 
each  transfer.  Moreover,  subsequent  challenge, whether under anesthesia  for  the 
EVP. test or without anesthesia  for the objective signs of shock, showed these re- 
cipients to be much more sensitive to active anaphylaxis than the mice treated with 
only one of these procedures. 
The findings from this experiment demonstrated, even more clearly than 
the foregoing tests, that liver tissue, taken from mice 1 month or even 6 weeks 
after injecting them intravenously with 5 rag. of bovine q-globulin, as an an- 
tigen, contains some substance sufficiently like it to engender in unilaterally 
adrenalectom~zed recipient mice--after repeated transfers with an adjuvant-- 
antibodies capable of producing active anaphylaxis in these recipients when 
they are challenged with the original antigen. 
EXPEI~TM'E~NTS WITH  MATERIALS  TRANSFERRED  I~ROM RABBITS  INTRAVENOUSLY 
INJECTED WITH BOVINE  ~¢-GLOBULIN 
It is to be recalled that the mouse forms antibodies relatively poorly, and 
as a  result,  the long persistence of antigen in this animal, as shown in this 
paper and by previous work (1), might be attributed to  a  lack of su~cient 
antibody to destroy it.  Later work  (2),  also  carried out in this laboratory, 
followed the fate of bovine "y-globu]~- in the rabbit, a  species which, by con- 
trast with the mouse, forms antibodies well. In the rabbit, the antigen did not 
persist as long as in the mouse; nevertheless it persisted in the livers for at 
least 8 weeks and in the blood for 4 to 6 weeks. Consequently, it seemed worth 
while to find out whether the tissues or serum of rabbits--injected with the 
same  antigen and  capable  of forming antibodies  to  it--would  degrade  the 
antigen persisting in them, or destroy it, so that these materials, upon trans- 
fer to mice, would no longer engender active anaphylactic sensitization in the 
recipient animals. Accordingly, experiments like those described above were 
performed using rabbits as donors and recipient mice to be tested for the de- 
velopment of active anaphylaxis. 
Serum and liver tissue were obtained from donor rabbits injected either 4 or 6 weeks pre- 
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for transfer was derived from some of the donor rabbits used in the preceding work (2), and 
only that was used which was already known to contain no detectable amounts of antibody. 
Liver tissue was ~so obtained from other donor rabbits and it, too, was tested for detectable 
traces of antibody, and only that used which yielded negative findings. As in the preceding 
tests all liver tissue and sera were kept frozen at  -60°C. until they were transferred to the 
recipient mice. Usually 3 transfers were made--occa~onally only 2--always at 72 hour inter- 
vals, using either 0.5 ml. of serum or 0.5 gin. of liver tissue to which, at each transfer, 0.! mi. 
of the per/~  vaccine (5000 m~]]ion killed organisms)  had been added. In the majority of 
the experiments 1 adrenal was removed from each of the animals, and 4 to 5 days later the 
first trander was made. Eighteen days after  the last transfer, the mice were challenged, 
hali under anesthesia for EVR tests and the remainder without anesthesia for observation of 
the gross signs of active anaphyls~.q~ This procedure will be referred  to below as the "usmLl 
t~hnique." In some of the experiments, as will be seen, intact recipient mice were used. 
T~ Fi~ing$ after 4 Wceks.--By theusual technique liver tissue, taken fromsdonor rabbit 
injected intravenously with bovine 7-globulin a  month before,  was  twice transferred to 22 
unilaterally adrenalectomlzed recipient mice. Tissue from the liver of the same rabbit had 
already been employed for some of the experiments included in the preceding work (2), and 
it contained antigen  but no detectable antibody--see the findings  from rabbit donor D on page 
353 of that paper and also columns 4, 6, 8, and 10 of Table I on page 351. 
When the recipients were challenged with antigen, positive EVR appeared in all of 6 mice 
tested under anesthesia, and the objective signs of ansphy!~s developed in each of 6 mice 
tested without anesthesia. All the latter showed the signs described (2) as Phases I and II of 
shock,  that is to say, hyperactivity, scratching, weakness, partial paralysis of the hind legs, 
pronounced cyanosis of the noses, feet, and tails. Three of these 6 mice also developed another 
objective sign of ansphylaxls, described in the previous work (2), an urticarial swelling of the 
face, lips, eyelids, and forepaws. The hind feet of the mice became especially swollen and the 
thighs of 2 of the animals were relatively huge. By contrast, no positive reactions were seen 
among 10 control animals. 
The reactions of some of the test snimais were so strong that it seemed wise to repeat the 
experiment without subjecting the recipient mice to the added burden of unilateral adrenalec- 
tomy. Instead the mice were given 3 transfers of the liver tissue rather than 2. The experiment 
needs no detailed description. Five out of 6 of the test animals showed  positive EVE that 
were weaker than those of the preceding experiments with recipients deprived of one adrenal 
and given only 2 transfers. Among 7 test mice challenged without anesthesia none showed the 
urticaria] reaction, and only 2  eThibited  de~nlte muscular weakness although all showed 
various objective signs of ansphylaxis. 
A third experiment employed only 2 transfers of the same material to recipients with intact 
adrenals. In this trial only 3 out of 5 mice showed positive EVR and the reactions were weaker 
than those of the preceding test. Only half of the recipient mice challenged without anesthesia 
showed any objective signs of anaphylaxis and these, too, were weaker than those reported 
above. 
A special test was added to this experhnent. Six intact recipient mice, which had received 
the same liver tissue twice,  were unilaterally adrenalectomized 14 days later, together with 
an equal number of control mice given liver tissue from a normal rabbit. That is to say, the 
operations were done after making the transfers instead of before as in the "usual technique." 
The tests were made to determine once again whether the recipient mice could tolerate adrenal- 
ectomy after the transfer of liver tissue and shortly before challenge. Both  the control and 
the test animals withstood the procedure poorly, and some of each sort  developed circu- 
latory failure (2) upon challenge.  Consequently, this part of the experiment was discarded 
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Finally, the serum of this donor rabbit (donor D, Table I d  the previous paper (2), col- 
umns 6 and 8) was transferred 3 times with i#~uJsh vaccine to unilaterally  adrenalectomized 
mice, which were later challenged in the usual way. All the recipient mice yielded negative 
tests. By contrast,  this serum, when tested by the method used in the previous work, had 
shown the presence of antigen, but no antibody. 
The finding brings out the fact  that  the mouse transfer test,  as carried out in 
previous work  (1,  2)  by the employment of reversed passive anaphylaxis, is more 
sensitive for the detection of antigen than the test used in the present work which 
necessitates the presence of enough antigen in the  transferred materials to stimu- 
late active snaphylactic sensitivity. 
These  several  experiments established  dearly  that  even in  the  rabbit,  1 
month after a  single intravenous injection of 10 rag. of bovine 3,-globulin per 
100 gin. of body weight, there remained in the liver, although not in the blood, 
some  antigenic material  capable of  engendering antibodies in  the  recipient 
mice which, in turn, showed active anaphylaxis when challenged with a  solu- 
tion of the original antigen. 
Findings after 6 Weeks.--By the usual technique liver tissue from a rabbit injected 6 weeks 
previously with  bovine T-globulin, was transferred  3 times, with pertussis  vaccine, to 20 
unilaterally adrenalectomized mice, 12 of which were injected  later with antigen,  as test 
animals, and 8 were injected with human serum albumin, as controls. The liver tissue was 
derived from donor rabbit F, and it contained no detectable antibody (see page 355 and 
co]-mn~ 4, 6, 8, and 10 of Table I in the text of the previous paper (2)). Six other mice, given 
pertussis  vaccine  and liver from a  normal rabbit, were challenged later with the antigen, 
bovine  T-globulin, to serve as animals of the second type of control test described earlier. Tests 
for the appearance of EVR carried out, at the usual time interval upon 6 of the 12 test mice, 
were moderately positive in 3, weakly but definitely positive in I, and negative in 2. Four of 
the remaining 6 test recipients, when challenged without anesthesia, gave objective signs of 
anaphyiaxis, 2 showing the signs of Phases I and II; 2 only the signs of Phase I. The control 
animals showed no signs of any reactions at all. 
In another series of tests with the same liver tissue, intact recipient mice were used instead 
of mice deprived of one adrenal.  Each received 3 transfers of tissue together with pertussis 
vaccine. Very weak EVR appeared in 4 of 8 mice tested under anesthesia, but the objective 
signs of anaphylaxis failed to appear  in 6 others challenged without anesthesi&. As in the 
preceding  experiments,  the  intact  recipients  showed weaker  responses than  unilaterally 
adrenalectomised mice. The control mice were dearly negative. 
Next, serum of the same donor rabbit was transferred 3 times with pert~u~s/~ vaccine to 
unilaterally adrenalectomized recipients which were challenged later in the usual way. They, 
and their controls, yielded negative results. It is to be noted that this same serum, employed 
in the previous work (2) (see donor rabbit F, page 354 and Table I, colunm 8 of that paper), 
yielded weak but positive reactions for the presence of antigen when the recipient animals 
were challenged 2 days after the transfer with strong specific antiserum to elicit the signs of 
reversed passive anaphyla~ Again, as in the tests reported above with serum taken from a 
rabbit 4 weeks after injecting  antigen, the technique used in the present work did not consti- 
tute as sensitive a method as that employed in the earlier work to detect the presence of minute 
traces of antigen in transferred materials. 
Two more experiments were performed. First, liver tissue from another donor rabbit in- 128  ACTIVE ANAPHYLAXIS TO A FOREIGN" PROTEIN 
jected with antigen 6 weeks previously,  was transferred, together with the H. pert~,~/* adju- 
vant, 3 times to 20 Swiss mice, that is to say, to mice of a strain not used so far in 
work. The anaphylactic reactions of this strain of animals had, however,  already been exten- 
sively studied in this laboratory. Normal rabbit liver tissue was transferred to an equal 
number of control mice of the same strain. The adrenals of all the mice were left intact. On 
challenge, about two-thirds of the anesthetized test animals showed positive EVR, and two- 
thirds of those challenged without anesthesia gave evidence  of the gross signs of anaphyiaxis, 
Phases I and II (2). The reactions  were weak but definitely  positive. By contrast the serum of 
this donor rabbit, transferred  3 times to a similar  number of Swiss mice,  gave negative  findings. 
As usual, in this and in the following  experiment,  all the transferred materials had previously 
been found free from detectable traces of antibody. 
Finally liver tissue and serum, obtained from a third donor rabbit injected with the antigen 
6 weeks before,  were transferred three times to unilaterally  adrenalectomized  Swiss mice. Al- 
most all the recipients given liver yielded stronger positive reactions than those in the pre- 
ceding experiment,  but again, the serum gave negative results. 
Clearly, these experiments indicated that, even 5 weeks after injecting rab- 
bits with bovine "t-globulin, there still remained in the liver enough antigenic 
material of some sort to render the recipient mice actively  anaphylactic when 
challenged with the original antigen. The serum of these test animals,  trans- 
ferred to the recipients, failed to render the latter sensitive to active anaphy- 
laxis. 
DISCUSSION 
With  the  completion of these experiments, the question arose whether  to 
attempt to elicit active anaphylaxis in recipient mice with tissue taken from 
donor rabbits after periods of time longer than 6  weeks. The following con- 
siderations led to a  negative decision despite the fact that previous work (2) 
had  indicated  the  presence of antigenic material,  in  traces,  in  the  livers of 
rabbits 8 weeks after they had been injected with bovine "t-globulin. It may 
be recalled that this finding, as already stressed, was obtained by a  detection 
test more delicate than the technique used in the present work; that is to say, 
by challenging the recipient mice only 2 days after the transfer of liver tissue, 
using strong specific antiserum to produce the signs of reversed passive ana- 
phylaxis  through  the  reaction  of the  passively  transferred antigen  and  the 
readymade  antibody  in  the  antiserum.  Even  under  these  circumstances,  8 
weeks  after injecting rabbits  with bovine "t-globulin,  this delicate detection 
test indicated the presence of such slight traces of antigen persisting  in  the 
liver that  it  seemed certain  that lesser amounts,  such  as  would be  present 
after longer intervals,  could not be detected.  Consequently, no attempt  (2) 
was made to seek for them. So, too, in the present work it appeared obvious 
that  the  techniques  employed,  which  constituted  a  less  delicate  detection 
test, could hardly be expected to yield positive findings after a  period longer 
than that of 6  weeks, as already tried.  Further,  since the findings indicated 
clearly enough  that  the  antigenic material  present  in  the livers of injected 
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at  6 weeks, it appeared  that  tittle  would be learned  by testing  transferred 
materials after a  further  period of only 2 weeks.  Accordingly no additional 
experiments were made. 
The  technique used in the present study was not developed primarily  to 
serve as a detection test for minute amounts of antigen persisting in the blood 
or  tissues of injected  donor  animals.  Nevertheless,  it  served as  such  when 
there was enough antigen in the transferred tissue and time could be spared 
to wait for the development of active anaphylactic sensitization before learn- 
ing the results. Under these circumstances, as will now be discussed,  the pres- 
ent technique offered an advantage over the previous one whenever antigen 
was to be detected by observing the EVR. 
In the earlier work (1, 2), when looking for the appearance of these specific 
anaphylactic reactions in the blood vessels of the ears of the recipient mice, 
challenged  with  whole antiserum,  both  the  test animals  and  their  controls 
exhibited,  at  times,  certain  non-specific,  brief  constrictions  of  the  vessels, 
termed "injection  reactions."  As fully discussed (1,  2),  these often rendered 
the findings  difficult to interpret,  and many tests had to be discarded. It be- 
came  necessary  to  establish  rigid  precautions  for  the  elimination  of  these 
"injection reactions,"  or,  if this  could not be done,  to find means for their 
recognition in order to distinguish them from the specific EVR of anaphylaxis. 
In  the  present  work,  by contrast,  the  challenging  intravenous  injections-- 
consisting of a  simple  protein solution, instead of whole serum--when given 
slowly in the proper amounts and at the proper temperature,  as already dis- 
cussed (1,  2),  did not produce any  "injection reactions."  Consequently the 
tests carried out in the present work were more clear cut than in the former 
and much easier to perform. 
The evidence for the persistence of antigen, provided by our previous find- 
ings and the works of others, has already been fully discussed (2) and needs 
no further comment. It is of special  interest, however, that the antigenic ma- 
terial, in persisting longer in the liver than in the blood, seems to be protected 
in some manner from circulating antibody. It is already known from the work 
of Rous, McMaster, and Hudack (37), Taylor (38), Delbriick (39), Henle and 
Henle (40), Ginsberg and Horsfall (41, 42), and Olitsky, Schlesinger,  and Mor- 
gan (43), that viruses located intracellularly can be protected from circulating 
antibody by the living  cells with which they have become associated. Addi- 
tional  work  from  this  laboratory  (1,  44)  carried  out  with  blue  azoprotein 
antigens, showed that these substances, at least, when injected into the blood 
stream of animals,  are taken up and held within the Kupffer cells of the liver 
and  other reticulo-endothelial  cells,  a  fact attested  to by the work of others 
(45-49). The present findings  suggest that  a  simple foreign protein antigen, 
bovine 7-globulin,  may  be  similarly  protected  though  how  this  is  accom- 
pllsbed, or in what form it exists,  cannot be said. 130  ACTIVE ANAPHYLAXIS TO  A FOREIGN PROTEIN 
From the findings here reported it can be said that, following a  single in- 
jection of a  foreign protein into mice and rabbits,  there persists in the liver 
tissue of these animals, when transferred after as long as 6  weeks into the 
peritoneal cavities of mice, antigenic material--so well preserved from break- 
down and from circulating antibody--that it is capable of producing in the 
recipient mice antibodies which react with the original antigen. 
S~kRY 
Following single intravenous injections of a  foreign protein antigen, bovine 
~,-globulin,  into mice and rabbits,  antigenic material persisting  in the liver 
could  be  detected  for  several  weeks.  Ground  liver  tissue--taken  from  the 
mice and rabbits, just mentioned, either 4 or 6 weeks after injecting the anti- 
gen--when transferred repeatedly, at 2 or 3 day intervals, to the peritoneal 
cavities of normal, or unilaterally adrenalectomized, recipient mic% rendered 
the recipients sensitive to active anaphylaxis when they were challenged after 
a  suitable interval by intravenous injections of the original antigen. 
The  work  throws some light on  the  state of the antigenic material  that 
persists for 4  to 6 weeks in the livers of the donor animals. Obviously it is 
sufficiently unchanged, at least in its reactive groups, to engender in the re- 
cipient mice antibodies capable of reacting with the original antigen. 
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